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(57) ABSTRACT 

A modular ?ber optic light line unit has a housing in Which 
distal portions of one or more ?ber optic bundles fan out 
such that termini of the ?bers are arrayed in a continuous 
?ber roW. The proximal ends of the bundles are held in 
respective sleeves, and light source modules are removably 
attached over the sleeves to generate light that is incident on 
the proximal end of the bundle. The light source modules are 
removably installed by pushing on, Without requiring tools. 
The light source modules have a canister housing containing 
a solid-state light source, e.g., ?ve Watts. Heat management 
is achieved using ?ns on the modular housing. Di?‘erent 
color Wavelength light sources can be employed, and the 
?bers from the various bundles can be interleaved. 

12 Claims, 2 Drawing Sheets 



U.S. Patent Apr. 29, 2008 Sheet 1 of2 US 7,364,335 B2 





US 7,364,335 B2 
1 

MODULAR OPTICAL LIGHT LINE UNIT 

BACKGROUND OF THE INVENTION 

This invention relates to apparatus for illuminating an 
object and for providing a uniform, thin line of light onto an 
object for line scan applications. The invention relates to 
light line units of modular design that can used individually 
or can be butted end to end to provide very long, seamless 
linear beams of light. The invention is more particularly 
directed to an optical ?ber based unit Which includes an 
internal light source and Where the ?bers convert the illu 
mination from that source into a thin, long line of light. 

Modular light line units of this general type are discussed 
in US. Pat. No. 5,550,946. In the modular units of that 
design, there is a bundle of optical ?bers that fan out into a 
single roW of ?bers, in a manner that alloWs the units to be 
placed end to end to create a long line of light. The housings 
for these light line units are in the form of top and bottom 
jaWs, and these jaWs may be formed With triangular teeth to 
hold the optical ?bers in place. In some versions, the jaWs 
may be smooth on one side or on both sides. In addition, an 
external light source Was employed, Which required using a 
light conduit to extend from the light source to the light line 
module, and typically a separate light source Would be 
needed for each module. 

Light line units can be employed in a variety of applica 
tions Where a long, narroW strip of light is needed. Light line 
units can be used in line-scan applications, e.g., With line 
scan type CCD cameras in Web-type applications, i.e., for 
endless belt inspection or for inspection of carpeting. Fluo 
rescent tubes have been employed behind an elongated 
aperture to produce a line of light. The ?uorescent tube light 
line units have di?iculty producing a line of light that is 
uniform from one end of the line to the other, or a light that 
remains uniform over time. The ?uorescent units have 
temperature-sensitive output ?uctuations, and outputs that 
vary With age and With other conditions. Also, if tWo units 
are to be joined to provide a light line of extra length, there 
is additional illumination drop-off betWeen modules. 
One type of optical ?ber line illuminators is described in 

US. Pat. No. 4,952,022 to Genovese. There, the illuminat 
ing device is comprised of a bundle of large-diameter ?bers, 
in Which the distal ends or termini are deformed into a 
rectangular cross section, the idea being production of a 
linear beam that is uniform along the output of the array. 
HoWever, that patent does not address hoW to join tWo or 
more units to produce a very long linear beam. In addition, 
an external light source is required for each unit. Other ?ber 
based systems for transmitting a linear beam of light from a 
lamp to a Workpiece are described in US. Pat. No. 3,192,843 
to Kapany et al. 

In a number of industrial applications, it is necessary to 
provide a line of illumination up to several meters in length, 
and With uniformities of better than 90% in a transmission 
or re?ective mode. A typical application can be automated 
quality inspection of a Web type product that travels past, for 
example a fabric or carpet. The quality of the inspection 
depends entirely on the uniformity of the light source, that 
is, on uniformity across the light line. Such high uniformity 
has been di?icult to achieve using standard techniques, such 
as apertured ?uorescent lamps. In addition, inspection of 
heat-sensitive materials requires remoting the light source 
from the product, and this has been impossible Where 
conventional linear light sources need to be in proximity to 
the product. 
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2 
Replacement of light sources, or of the lamps for the light 

sources has been a problem as Well, as each lamp is 
expensive and produces signi?cant heat, so it must be 
situated aWay from the Workpiece being inspected. No one 
has previously proposed an internal light source for a 
modular ?ber optic light line, nor has anyone proposed a 
modular lamp replacement that is simple and convenient to 
adjust or replace. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of the present invention to provide a 
lightline arrangement that creates a continuous, linear beam 
of light Without gaps or discontinuances in the beam of light 
from one end to the other. 

It is another object to provide a light line unit, that 
produces a linear light beam, i.e., a line of light that is 
uniform across its length and creates a seamless, long line of 
uniform illumination. 

It is a more speci?c object to provide a modular light line 
unit Which employs an incorporated or integral light source 
or light sources, to minimiZe the length of optical ?ber 
needed. 

It is a further object to provide a light line that employs 
an LED light source With signi?cantly enhanced thermal 
management capabilities. 

It is another object to provide a light line unit that can be 
recon?gured With all the ?bers carrying the same Wave 
length(s) or With the various ?bers carrying different Wave 
lengths, as needed to meet varying application needs. 

According to an aspect of the invention, a modular ?ber 
optic light line unit produces a thin, continuous line of 
illumination. These units can be used singly, or a number of 
these units can be joined together end to end to produce a 
long, seamless linear light beam. The modular light line unit 
has a housing With a ?at, narroW distal face from Which the 
line of light emanates. A ?ber optic bundle, formed of a 
plurality of optical ?bers, fans out from its proximal end, 
Where it receives the illumination from the incorporated 
light source, into the roW of ?bers at the distal end. At the 
proximal end of the bundle there is a coupling that connects 
to the light source. The distal ends or termini of the ?bers are 
arrayed in a single-thickness roW of ?bers that extends over 
the length of the distal face of the housing from one end edge 
to the other end edge. The housing may contain structure that 
holds the termini of the ?bers in a continuous roW to de?ne 
the light line. The housing may be formed of ?rst and second 
halves that meet at this line With the optical ?bers held in 
place therebetWeen. One of the tWo halves or jaWs may have 
triangular teeth to hold the ?bers in place, With the other jaW 
being ?at. Alternatively, the teeth may be cylindrical scores, 
or another mechanical con?guration that aligns the ?bers. 
The alignment may also be controlled during manufacture 
With automated assembly procedures that lock the ?bers into 
the correct positions, in Which case these teeth may be 
omitted and both jaWs may be ?at. The roW of ?bers has its 
ends ?ush With the ?rst and second end edges of the distal 
face member of the housing. In this fashion, When tWo or 
more modular units are butted together, there are no gaps in 
the combined roWs of optical ?bers, and the light line from 
the several units is presented as a continuous, seamless thin 
linear beam, Without drop-out betWeen units. The light line 
units can be used for White light, color light, false color light 
(i.e., alternate ?bers being red, green, and blue), infrared, or 
ultraviolet illumination. 
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The term “roW” as used in the description and claims, can 
mean either a single-layer roW, i.e., one ?ber Wide, or a 
multi-layer roW, i.e., tWo or more ?bers Wide. 

In the case of multiple Wavelengths, each individual ?ber 
output may be purposely positioned in an organized manner 
to provide a speci?c output. In the case of tWo Wavelengths, 
e.g., red and green, the ?ber outputs may be positioned 
R-G-R-G-R-G, etc. In the case of three or more outputs, 
these may be alternated A-B-C-A-B-C-A-B-C, etc. In a 
four-bundle, four-light source arrangement, the ?ber termini 
may be alternated in a fashion A-B-C-D-A-B-C-D, etc. For 
false color applications, the red, blue, and green ?bers may 
be positioned R-G-B-R-G-B-R-G-B, etc; and for photomet 
ric applications, R-G-B-G-R-G-B-G, etc. The light sources 
may emit White, infrared, ultraviolet, or respective speci?c 
color Wavelengths, as desired for the given application. 

The housing can be made of anodiZed aluminum, stainless 
steel, or other suitable material, and the optical ?bers can be 
polymer ?bers, for example With a diameter of 0.030 inches. 
The ?ber cross-section may be circular, or may be square, 
rectangular, or hexagonal. Other cross section of Waveguide 
may be employed as Well. 

The incorporated light sources, Which may preferably be 
plug-in modules, employ an LED light source, operating at 
about 5 Watts, Which may employ passive convection as a 
thermal management solution. The LED light sources may 
be controlled With constant current supplies to ensure sta 
bility. The photonic output of each device can be monitored 
and used to adjust the output to compensate for light 
degradation (i.e., light feedback). The intensity set point 
may be controlled remotely, e.g., via an Ethernet interface. 

The ?bers can be situated at a right angle to the distal face, 
or they may be situated at a predetermined slant angle, e.g., 
about 30 degrees, so that the light exits the unit at a desired 
angle With respect to the front face of the unit, and impinges 
on the Web at a slant angle. In this case, the termini of the 
?bers may be angled to be ?ush With the face member of the 
housing. The slant angle of the ?bers combined With the 
further refractive bending at the termini of the ?bers causes 
the light to impinge onto the Web at a ?nite predetermined 
angle (e.g., 45°) relative to the normal. This reveals any 
linear defects, e.g., folds, cracks, and the like, that are 
oriented in the travel direction of the Web. 

The above and many other objects, features, and advan 
tages of this invention Will become apparent from the 
ensuing description of a preferred embodiment, Which 
should be read in connection With the accompanying DraW 
1ng. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a side elevation of a modular light line unit 
according to one embodiment of this invention. 

FIG. 1A shoWs detail of a portion of FIG. 1. 
FIG. 2 is an sectional end vieW of this embodiment. 
FIG. 3 is a sectional side elevational vieW of this embodi 

ment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

With reference to FIGS. 1 to 3 of the DraWing, a modular 
light line unit 10 has a housing or casing 11 formed of a ?rst 
housing half 12 and a second housing half 13. These halves 
12, 13, better vieWed in FIG. 2, are preferably made of a cast 
anodiZed aluminum, although many other suitable materials 
exist. The halves ?t together at a join line 14. At a loWer or 
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4 
distal side of the housing 11 forms an elongated ?at distal 
face 15, Where the join line 14 de?nes a light line, and from 
the latter emanates the light line or linear beam of illumi 
nation. 
As shoWn in FIGS. 2 and 3, there is at least one ?ber optic 

bundle 20 contained in the housing 11, and in this embodi 
ment there are four bundles 20. Each ?ber optic bundle 20 
has a proximal or upper end 21, Which is bound and housed 
Within a ferrule 22. In this embodiment there are four 
ferrules 22, and each projects out the upper or proximal side 
of the housing or casing 11. Within the housing 11, a distal 
portion 23 of each ?ber optic bundle fans out and extends to 
the join line 14 Where the individual ?bers terminate. Here 
the ?bers are aligned in a single roW. Alternatively, the ?bers 
may be arranged in a multi-layer roW. These ?bers may be 
held in place by grooves or teeth (not shoWn) formed along 
the join line 14 at the distal end of one or both halves 12, 13. 
As aforesaid, these may be cylindrical scorings or angulated, 
i.e., triangular teeth. Alternatively, the ?bers may be aligned 
in a manufacturing process for constructing the light line, 
and held in place Without teeth or groove structure. Here, in 
FIG. 3, for sake of simplicity the distal portion 23 of each 
bundle 20 is shoWn as terminating in its oWn sector of the 
light line unit. HoWever, in practice the ?bers of the four 
bundles 20 can be interleaved, i.e., in a fashion such as 
A-B-C-D-A-B-C-D, etc. 
At the top or proximal side of the housing 11 are a set of 

light source modules 30, each of Which plugs onto a respec 
tive one of the ferrules 22, so that the light that it generates 
is incident onto an associated one of the ?ber bundles. In this 
embodiment, the light source modules each have a housing 
or casing 31 that is generally cylindrical or canister shaped, 
and having an internal cavity With a generally cylindrical 
bore at its loWer end. Within the cavity in the housing 31 is 
a high intensity LED 32, e.g., ?ve Watts, and emitting a 
selected Wavelength or band of Wavelengths. Focusing 
optics 33, e.g., a focusing lens group, are present just beloW 
the LED 32 to focus the light therefrom to be incident on the 
proximal end of the respective ?ber bundle 20. There may 
also be supporting electronic circuitry (not shoWn here) 
Within the module 30. Each module 30 has a poWer and 
thermal portion 34 situated above the housing or casing 31. 
This may be threaded to screW into the housing 31. This 
portion is preferably aluminum or another good heat con 
ductor, and serves to carry heat generated by the LED 32 up 
to a series of ?ns 35. The portion 32 also has a socket for 
receiving a poWer plug (not shoWn) from a poWer cord or 
conductor. Passive heat conduction is employed here, but in 
other embodiments a heat pipe may be used, or active Peltier 
cooling. Active cooling may be preferable if the solid state 
light source is integrated Within the light line unit housing 
11. 
Each light source module 30 is con?gured to snap ?t in 

place onto the respective ferrule 22, and to remain securely 
in place until it is deliberately pulled off the ferrule 22. In 
this embodiment, the loWer bore of each module housing 31 
has an annular spring 37 ?tted into a recess formed in the 
Wall of the loWer bore, and this mates With an annular recess 
38 on the ferrule 22. The spring 37 serves as a spring clamp 
to hold the light source module housing 31 in place on the 
associated ferrule. Alternatively, a ball spring arrangement 
can be used. When the module 30 is grasped and pulled up 
?rmly, the spring 37 Will yield and release from the annular 
recess, so the module can be removed by hand, i.e., Without 
use of tools. This feature permits quick change-over in the 
event of a light source failure or if a different lighting 
con?guration is desired. Detail of this structure is shoWn in 
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FIG. 1B. This feature also ensures correct optical alignment, 
Which is of great value in practical applications. In other 
embodiments, structure other than the annular spring 37 and 
recess 38 could be employed, e.g., a ridge or ?ange. 

While the illustrated embodiment shoWs the light line 
module employing four ?ber bundles 20, other embodiments 
are possible, e.g., employing a single ?ber optic bundle or 
employing tWo, three, or more than four ?ber bundles and a 
corresponding number of light source modules. 

Here, each ?ber optic bundle 20 fans out into a single 
layer, and ends or termini 28 of the optical ?bers are 
arranged side-by-side into a single roW to form the light line 
14 on the face 15. In this embodiment, the ends of the roW 
of optical ?bers are ?ush With the end edges of the face 15 
at the ends of the case or housing 11. This permits a number 15 
of the modular units 10 to be joined end to end to form a 
single uninterrupted light line. Most favorably, each termi 
nus is con?gured and polished for optimal light distribution. 
An optional cylindrical lens (not shoWn here) may be 

disposed With its cylindrical axis across the linear beam of 
light. In many possible con?gurations, another type of lens 
or collimator could be employed. 

While the invention has been described With reference to 
a single preferred embodiment, it should be recogniZed that 
the invention is not limited to that precise embodiment. 
Rather, many modi?cations and variations Will be apparent 
to persons skilled in the art Without departing from the scope 
and spirit of this invention, as de?ned in the appended 
claims. 
We claim: 
1. Modular optical light line unit for producing a thin, 

continuous, line of illumination, comprising 
a light line module housing having a distal face from 
Which said line of illumination emanates, the distal face 
having a ?rst end edge and a second end edge; 

a ?ber optic bundles formed of a plurality of optic ?bers, 
said bundles each having a proximal end and a distal 
end, the bundle being fanned out Within the light line 
module housing to terminate in a ?at linear array such 
that the distal end is arrayed as a roW of ?bers; 

a ferrule disposed on said housing at a proximal side of 
said housing and in Which the proximal end of said ?ber 
optic bundle is contained; and 

a snap-?tting solid-state light source module adapted to 
install upon said ferrule by pushing it in place, and 
Which remains in place until deliberately pulled off, 
including 
a light source module housing; 
a solid-state light emitting device Within said light 

source module housing; and 
a snap-action ?tting on said module adapted to mate 

With said ferrule such that the illumination produced 
by the solid state light emitting device is incident 
upon the proximal end of said ?ber optic bundle. 

2. Modular optical light line unit according to claim 1, 
Wherein said solid-state light source includes means to 
dissipate heat produced by the solid-state light emitting 
device therein. 

3. Modular optical light line unit according to claim 2, 
Wherein said means to dissipate includes a plurality of ?ns 
on said light source module housing. 

4. Modular optical light line unit according to claim 1, 
Wherein said housing includes a focusing lens group 
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6 
betWeen the solid-state light emitting device and the proxi 
mal end of the ?ber optic bundle. 

5. Modular optical light line unit according to claim 1, 
Wherein said ?tting includes a retaining spring for remov 
ably securing to an annular retaining structure on said 
ferrule, so that the light source module can be installed or 
removed Without use of tools. 

6. Modular optical light line unit according to claim 1, 
Wherein said solid state light source module housing incor 
porates an electrical socket for receiving a plug-in electrical 
poWer connector. 

7. A modular optical light line unit for producing a thin, 
continuous, linear beam of illumination, comprising 

a light line module housing having a distal face from 
Which said line of illumination emanates, the distal face 
having a ?rst end edge and a second end edge; 

a plurality of ?ber optic bundles, each bundle being 
formed of a plurality of optic ?bers, With each bundle 
including a proximal portion and a distal portion dis 
posed Within said light line module housing, With the 
optic ?bers in the distal portions being fanned out to 
terminate in a ?at linear array from said ?rst end edge 
to said second end edge; 

a plurality of ferrules, each disposed on said light line 
module housing at a proximal side of said light line 
module housing and Within Which the proximal end of 
an associated one of said ?ber optic bundles terminates; 
and 

a plurality of solid-state light source modules, each being 
adapted to install upon a respective one of said ferrules, 
and each including 
a module housing; 
a solid-state light emitting device Within said module 

housing; and 
a snap-action ?tting on said module adapted to mate 

With the associated ferrule such that the illumination 
produced by the solid state light emitting device is 
incident upon the proximal end of the respective one 
of said ?ber optic bundles, each said snap-action 
?tting being adapted to install upon the respective 
ferrule by pushing it in place, and Which remains in 
place until deliberately pulled off. 

8. The modular optical light line unit according to claim 
7 Wherein there are four of said ?ber optic bundles, four 
respective ferrules and four respective solid-state light 
source modules. 

9. The modular optical light line unit according to claim 
8 Wherein said the termini of the ?bers of said ?ber optic 
bundle are interleaved to alternate in a successive repetitive 
order. 

10. The modular optical light line unit according to claim 
9 Wherein said solid-state light source modules produce 
respective speci?c color Wavelengths. 

11. The modular optical light line unit according to claim 
7 Wherein said solid-state light source modules produce 
respective speci?c color Wavelengths. 

12. The modular optical light line unit according to claim 
7 Wherein said solid state light source module housings are 
generally cylindrical in shape. 

* * * * * 


